Sacrococcygeal teratoma is the most common congenital tumor of the fetus, consisting of all three germ cell layers. These layers are commonly large and vascular, causing the blood to be shunted to the tumor. This creates the vascular steal syndrome, resulting in fetal hydrops and cardiac failure. Large tumors may also cause polyhydramnios, resulting in premature labor.
Treatment options include open fetal surgery and radiofrequency ablation, as well as complete tumor resection following delivery. Serial sonographic examinations are important in the management of the pregnancy, from diagnosis to treatment and delivery.
Key words: sacrococcygeal teratoma, vascular steal syndrome, hydrops, radiofrequency ablation Sacrococcygeal teratoma is the most common congenital tumor. It arises in the Henson's node of the primitive streak and is derived of the three germ cell layers. The practice of routine sonographic examinations has led to a significant increase in the number of sacrococcygeal teratomas diagnosed prenatally. 1 These tumors are associated with significant morbidity and mortality because of the risk of perinatal complications, including preterm labor, fetal heart failure, and the development of hydrops. Ultrasonographic evaluation has facilitated early diagnosis of this tumor, which provides opportunities for informed pregnancy management, including termination and prenatal treatment. 2
Case Report
A multigravida patient presented for sonographic evaluation due to advanced maternal age. A sonographic examination had been performed at 7 weeks' gestation, due to vaginal spotting, which was within normal limits for the early gestation.
The patient was then referred to a perinatal center for genetic counseling at 17 weeks' gestation and was offered an amniocentesis because of her age. The patient declined this test. A sonographic examination was then performed, revealing a large complex mass extending from the fetal sacral region ( Fig. 1a -c) that measured 3.1 cm in the greatest dimension. These findings were consistent with a sacrococcygeal teratoma. No other abnormalities were visualized. The patient was counseled regarding the findings and prognosis of this neoplasm. The patient elected to investigate prenatal surgical options. The patient did not return for follow-up until ten weeks later. Sonographic evaluation revealed that the mass had increased in echogenicity and was more solid in appearance, measuring 7 cm in the greatest dimension, and fetal hydrops had developed. On follow-up examination, two weeks later, a fetal demise was confirmed.
Discussion
Sacrococcygeal teratoma has an occurrence rate of 1 in 40,000 births. 3 There is an increased incidence in females over males by a ratio of 4:1, and there is also an increased prevalence in twins. 4 These tumors can vary greatly in size, measuring up to 30 cm, and can be malignant but are usually benign. 4 The development of this neoplasm occurs in the primitive streak of the embryonic disk when the caudal end, known as the primitive knot or Hensen's node, fails to undergo degeneration, resulting in tumor growth. This congenital tumor usually contains the embryonic elements of all three germ cell layers-the endoderm, mesoderm, and ectoderm. 4, 5 Sacrococcygeal teratomas are classified according to the American Academy of Pediatrics Surgery Section as types I through IV based on their location. 4, 6, 7 Type I tumors, which are the most common, are predominately external, with a small presacral component. Type II tumors have an external component, with significant intrapelvic extension. Type III tumors have an external component but are predominantly located within the pelvis extending into the abdomen. Type IV tumors are without an external component and are strictly presacral. 6
Sonographic Features
Sonographically, a sacrococcygeal teratoma appears as a large mass arising from the sacral end of the fetus. 6 These tumors may appear cystic, solid, or complex, and calcifications may also be identified. It can be difficult to classify the type sonographically due to the presence of overlying fetal pelvic bone, which can shadow intrapelvic contents, and magnetic resonance imaging may provide additional information to assist in determining prognosis and operative procedures. 5 Sacrococcygeal teratomas may be highly vascular, which can lead to hemorrhage or vascular steal syndrome, which occurs when blood is shunted away from the placenta to the tumor. 1, 4, 7 Vascular steal syndrome can lead to fetal cardiac failure and can also demonstrate the sonographic findings of placentomegaly, fetal hydrops, and polyhydramnios. 1 Doppler evaluation of sacrococcygeal teratomas, particularly those associated with hydrops, often demonstrates high-velocity flow similar to arteriovenous malformations. 8 Fetuses with hydrops are more likely to have more solid, highly vascular tumors. Fetuses with predominantly cystic tumors have scanty intratumoral vasculature and a better prognosis. 8 The presence of a completely solid tumor is associated with a poor prognosis. 5 In addition to polyhydramnios, other sonographic findings associated with sacrococcygeal teratoma include genitourinary anomalies, most commonly hydronephrosis and bladder deformities. 2, 4, 6 Stress on the fetal heart, which leads to heart failure, may demonstrate cardiomegaly, and if hydrops is evident, findings of anasarca (skin edema), pleural effusions, pericardial effusions, and ascites may be identified.
Fetal hydrops and placentomegaly are associated with a poor prognosis in the fetus and can also have a devastating effect on the mother that resembles severe preeclampsia, referred to as "maternal mirror syndrome," in which the mother "mirrors" the sick fetus. 1 If maternal mirror syndrome develops, it is often irreversible, and delivery may be the only recourse. 8 The differential diagnoses of sacrococcygeal teratoma may include meningomyelocele and urogenital abnormalities. Demonstration of a normal spine without splaying of the posterior ossification centers can rule out neural tube anomalies, and identification of two fetal kidneys can assist in rul-ing out congenital anomalies of the bladder when bladder deformation is identified. 8
Treatment and Medical Management
Treatment options depend on the complications that can occur in the presence of sacrococcygeal teratoma. Larger tumors associated with severe polyhydramnios can lead to premature labor. 4 Larger tumors may also lead to hydrops, which is associated with a 100% mortality rate. 6 If the fetal lungs are mature, then the fetus can be delivered, but since delivery may not be an option due to the early gestational age, prenatal surgery and other invasive treatments may be justified. 6 With increasing detection of sacrococcygeal teratomas, treatment has become more focused. Open fetal surgery and radiofrequency ablation are treatments available for this tumor. Open fetal surgery has a high risk of preterm labor and maternal morbidity because of the incision of the uterus and major fetal surgery involved. 1 Radiofrequency ablation was developed to reduce these complications, with the goal to target the offending large blood supply and be as minimally invasive as possible. 1 This procedure has most commonly been used to treat liver tumors. It can be performed percutaneously with sonographic guidance, applying high-frequency alternating currents through a needle, altering the tissue. Possible risks include gas embolization of generated microbubbles, hyperthermia, and hemorrhage. Paek et al. 1 reported in their study that radiofrequency ablation successfully reduced tumor vascularity in all cases; however, ablation of only those vessels to reverse the vascular steal syndrome and save the fetus from cardiac failure is necessary.
Operative strategies for sacrococcygeal teratoma in the neonatal period must be carefully planned. Early removal is extremely important because of the complications this tumor may cause. Factors including timing of the operation, patient position during the surgery, and a combined abdominal approach to devascularize the tumor should be considered. 9 The supine position of the infant allows for better respiratory management during the surgery. An abdominal approach is used to cut off the offending blood supply to the tumor and prevent massive bleeding by first placing tape around the infant's aorta and internal iliac arteries. 9 Complete surgical resection is required because neither the size nor the appearance of the tumor can predict whether it is malignant or benign. 4 Despite a sonographic detection rate of 100% for sacrococcygeal teratomas, this tumor is still associated with a high mortality rate. 6 All patients with fetal sacrococcygeal teratoma are at risk for prenatal and perinatal complications. 5 By using the information obtained from serial sonography scans, pregnancy management and appropriate treatment can reduce the mortality rate of such cases. 7 
